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Pyridinium 2-carboxylates decompose thermally in the presence of a variety of late transition metal precursors to yield the corresponding 2-pyridylidene-like complexes. The mild reaction conditions and structural diversity that can be generated in the heterocyclic ring makes this method an attractive alternative for the synthesis of 2-pyridylidene complexes. IR spectra of the Ir(I) carbonyl compounds [IrCl(NHC)(CO) 2 ] indicate that these Nheterocyclic carbene ligands are among the strongest σ-electron donors.
The importance of N-heterocyclic carbenes (NHCs) as ligands 15 for transition metal complexes and catalysis is nowadays well established.
1 Arduengo's type NHCs have been intensively explored, but in the last few years new structures based on nitrogen-containing heterocycles have been synthesized, either in their free form or coordinated to transition 20 metals.
1e,j,2 Among them, those stabilized by a single heteroatom have been targeted due to their superior electron donor properties in comparison with classical NHCs. decarboxylation with greater facility than its 3-and 4-isomers, due to the intermediacy of the 2-ylide (or 2-carbene) isomer of pyridine.
14 It was subsequently found 15, 16 that N-alkylated pyridinium 2-carboxylates release CO 2 more than 700 times faster than 2-picolinic acid (Scheme 1). Since the resulting 55 carbene intermediates can be trapped by electrophiles and may be used for the low temperature synthesis (60-80 °C) of pyridinium salts, 17 we reasoned that betaines of this kind could be employed as precursors for transition metal carbenes. Aiming to prove this hypothesis, N-methyl-2-carboxypyridinium betaine 1a (commonly known as homarine 18 ) has been synthesized (Scheme 2) and decomposed thermally in the presence of [RhCl(cod) 19 Thus, CO 2 is released during the reaction and the resulting NHC unit becomes bonded to the rhodium center. Decarboxylation of 1a also occurs in the presence of the analogous Ir(I) precursor, [IrCl(cod)] 2 , to produce complex 3a. Once more, the carbene carbon atom resonates as a singlet at δ 210. Related Rh and Ir complexes derived from 1,3-dimethylpyridinium-2-carboxylate, 1b, (see Supporting Information) can also be made (compounds 2b and 3b, respectively, in Scheme 2). They exhibit spectroscopic 5 properties akin to those of compounds 2a and 3a. Iridium derivative 3b has been additionally characterized by X-ray crystallography. As can be seen in Figure 2 , molecules of 3b contain a pyridine-2-ylidene fragment characterized by an Ir-C1 distance of 2.05Å. This falls in the range found for 10 known iridium-NHC complexes. C-C and C-N bonds distances within the aromatic ring follow an irregular trend, in agreement with the carbene character of the heterocycle.
2b It is clear from the above results that decarboxylation of pyridinium carboxylates such 20 as 1b permits selective synthesis of non-symmetrical 2-pyridylidenes that bear a substituent at the 3-position of the ring. This is in contrast with a hypothetical, alternative procedure consisting in deprotonation of 3-substituted pyridinium salts, as the latter route could give rise to either 25 the 2-or the 6-pyridylidene, or a mixture of these two isomers due to the similar acidity of the C2-H and C6-H units. Scheme 3 Decarboxylation of betaines 1a and 1b in the presence of platinum and gold complexes.
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The solid-state structure of gold complex 5b has been established by X-ray crystallography (Figure 3 ). Extension to other pyridinium carboxylates, readily available by Katritzky's procedure, 17b is also possible, 45 introducing in this manner structural diversity on the pyridylidene framework. Thus, upon mild heating of betaine 1c in the presence of [IrCl(cod)] 2 the expected NHC complex 3c is formed (Scheme 4). To evaluate the electron donor properties of these 2-pyridylidene ligands, carbonyl complexes [IrCl(NHC)(CO) 2 ] (NHC = 1-methyl-2-pyridylidene, 6a; 1,3-dimethyl-2-55 pyridylidene, 6b) have been prepared by substitution of the cod ligand in complexes 3a,b, respectively, by CO. 
